If both the strike-slip and compressional tectonics in the basin are of similar importance, their coexistence could suggest that the faulting in the basin should be mostly oblique. Alternatively, the merging of these two tectonic styles could take place as decoupled strike-slip and thrust faulting. Such decoupling occurred on a smaller scale in the 1987 Whittier Narrows sequence where the mainshock ruptured a gently dipping thrust fault and the largest aftershock ruptured a steeply dipping strike-slip fault [Hauksson and Jones, 1989] . One of the goals of this study is to explore the possible role of alecoupling of fault slip in the tectonic deformation of the basin.
The relative importance of strike-slip and compressional tectonics is also evaluated by determining the present stress field. The focal mechanisms are used in this study to determine the orientations of the three principal stress axes and their relative magnitudes. Compressional structures such as folds are finite strain markers, which reflect the stress field at the time of formation. In this study the relationship between the present stress field and orientation of fold axes are analyzed. If the stress field had changed since the formation of the folds, the orientation of fold axes could be expected to be in part inconsistent with the present stress field. Furthermore, within regions of strikeslip faulting the intermediate principal stress is vertical, while within regions of thrust faulting the minimum principal stress is vertical. If strike-slip and thrust faulting are of similar importance in the basin, the intermediate and minimum principal stresses should be of very similar magnitude and hence could interchange in orientation depending on local perturbations in the stress field.
In addition to the 1987 (ML=5.9) Whittier Narrows eanhqu•e, numerous moderate-sized or large eanhq•es have shown that folds located above thrust faults can grow during the earthquake. The 1980 (Ms=7.3) E1 Asnam, Algeria, earthquake [Nabelek, 1985] , the 1983 (Ms=6.5) Coalinga earthquake [Eaton, 1985; Namson and Davis, 1988] , and the 1985 (Ms=6.7, 6.9) Nahanni, Canada, [Wright, 1987] . Toward the end of middle Miocene, Tarzana and Puente fan deposition initiated. Today sediment from the Santa Monica Mountains have replaced the flux of sediment from the Tarzana fan. Some of the old Tamana fan sediment outcrop in the Elysian Hills north of downtown Los Angeles. Sediment from the Puente fan, however, continue to be deposited into the basin through the Whittier Narrows [Wright, 1987] .
In late Miocene and earliest Pliocene (8-4 Ma), the Los Angeles basin went through its main phase of subsidence and deposition and acquired its present form [Yerkes et al., 1965] . During this period, the sedimentation was primarily turbidity currents travelling down to the basin floor at 1-2 km depth below sea level [Yerkes et al., 1965] . Toward the end of this time, the basin filled more rapidly than it subsided. Concurrently, left-lateral faulting along the southern margin of what is now the east-west trending Transverse Ranges dominated deformation in the north Los Angeles basin [Lamar, 1961 ] .
The opening of the Gulf of California in late Pliocene time (4-2 Ma) (Pasadenan deformation) had a profound effect on the neotectonics of southern California [Atwater, 1989; DeMets et al., 1987] . In the Los Angeles basin, the type of deformation changed from northwest-southeast extension to north-south compression [Wright, 1987] . Since the onset of compressional tectonics, the upper Pliocene sediments have been uplifted, folded, and in some cases overturned by the north-south compressive stress field [Yerkes et al., 1965] .
Today the Los Angeles basin includes the deep basin and east, north, and southwest flanks (Figure 1) Four sets of velocity models and station delays were used to calculate hypocenters and takeoff angles in this study. These models were determined by inverting P and S arrival time data with the VELEST computer program [Roecker and Ellsworth, 1978] . In the east Los Angeles basin and along the Newport-Inglewood fault the models and delays derived by Hauksson and Jones [!989] and Hauksson [1987] were used, respectively. Events located offshore in Santa Monica Bay were located using models derived by Hauksson and Saldivar [!989]. As a part of this study a new set of models and delays were derived for the San Pedro Bay area. Final locations were calculated using HYPOINVERSE [Klein, 1985] and the velocity models and station delays for the respective epicentral region. A distance weight of one in the distance range 0-100 km and linearly decreasing weight from one to zero in the distance range 100-120 km was applied. In most cases both the epicenter and the focal depth are constrained to better than 1_+1 kin. For events located offshore, however, the focal depths are less certain.
The 244 single-event, lower hemisphere focal mechanisms were determined from P wave first motion polarities using a grid-searching algorithm and computer programs by Reasenberg and Oppenheimer [1985] . A stress inversion technique developed by Michael [1984] was used to invert the focal mechanisms for the state of stress. The inversion minimizes the misfit angle (B) between the direction of the shear stress on the fault plane and the observed slip direction on that plane determined from focal mechanism. The inversion assumes that the regional stress field is a constant tensor, all slip events are independent, and the magnitude of the tangential traction (ITI) applied to each fault plane is similar. The third assumption is equivalent to assuming that ITl=l, because only relative stress magnitudes can be calculated. One plane must be selected from each focal mechanism as the actual fault plane [Michael, 1987a] . In this study, the planes listed in Table 1 are those selected for the inversions. In general, north to northwest striking rightlateral planes in strike-slip focal mechanisms were chosen. In a few instances, where the strike-slip mechanisms align along a northeast trend, the east to northeast striking planes were chosen. The north dipping planes in the reverse or thrust mechanisms were chosen because these are assumed to be more consistent with the geological deformation than the south dipping planes [Davis et al., 1989] . In San Pedro Bay, however, the south dipping planes were chosen for the thrust events because the trend of hypocenters appears to dip to the south. The planes indicating faulting down into the Los Angeles basin were chosen for the normal faulting mechanisms.
Although the geological information makes it possible to select some planes correctly, other planes may be picked incorrectly. This is accounted for in the bootstrap technique used to calculate the confidence limits by assuming that 30% of the planes are picked incorrectly [Michael, 1987b] . Farther to the northwest, three fight-lateral strike-slip events have occurred along the northwest striking surface trace of the Verdugo fault. Similar to the Pasadena earthquake, the 1988 (ML=4.6) Upland sequence showed mostly left-lateral strike-slip faulting, on the northeast striking San Jose fault (Fig• 10) . The San Jose fault thus may provide for a left step in the frontal fault system. 
Normal Faulting
Normal faulting is observed in 9% of the earthquakes analyzed, a small fraction of the ongoing faulting (Table  1) If the lower crust beneath the Los Angeles basin was still subsiding, the normal focal mechanisms could be expected to be deep events associated with this downfaulting of the lower crust. This is not observed in the cross section in Figure 14 . Instead, the foci of the normal faulting earthquakes are shallow and appear to be associated with geological processes in the upper crust such as growth of folds or sediment loading of the shallow crust.
In summary, active faulting in the Los Angeles basin includes strike-slip, thrust, and a few cases of normal faulting. The coexistence of strike-slip and thrust faulting suggests that crustal thickening and lateral movement of crustal blocks are both important mechanisms for accommodating crustal shortening within the basin. The normal faulting is secondary and appears to accommodate local geometrical adjustments within compressional geologic structures.
STATE OF STRESS
The seismicity, active faulting, and folding in the Los Angeles basin are driven by a regional tectonic stress field.
In Figure 15 , the P and T axes from the 244 focal mechanisms are shown along with six P axes determined from borehole breakouts by Mount [1989] . Close correspondence between the two data sets is shown in the consistent local variations in the orientations of the P axes. The stereonet plots in Figure 17 show the data and the directions of the maximum principal stresses with 95% confidence limits obtained from the inversion (see also faulting dominate in the basin (Table 3 and Figure 19 ). In ]. This complexity has made it difficult to interpret the ongoing tectonic deformation and the associated earthquake activity, which, in turn, has resulted in "surprise" earthquakes causing significant property damage [e.g., Hauksson et al., 1988] . This study has contributed toward understanding the complex tectonics through mapping of fold and thrust belts using geologic data and earthquake focal mechanisms and suggesting that the coexistence of strike-slip and thrust faults is the result of alecoupling of oblique fault motion. The stress field determined from focal mechanisms is consistent with stress directions derived from borehole breakout data. The spatial coincidence of the minimum principal stress directions and the trends of fold axes suggests that the present stress field has existed since 24 Ma. Furthermore, evaluations of the earthquake potential that in the past only took into account the mappable surficial faults also have to take into account the concealed thrust faults.
